Introduction. Pediatric perioperative mortality is extremely low but it is underreported in peer-reviewed journals, making it difficult to understand the magnitude of the problem. The aim of this study was to identify pediatric deaths reported by the mass media over a 20-year period in pediatric and non-pediatric hospitals.
Materials and methods. The international search engines Google, Yahoo, Bing, and the online archives of major newspapers were searched independently by 3 trained investigators (1st January 1995 to 1st January 2015) looking for children (<18 years old) who died in the perioperative period in Italy, excluding obstetrical or neonatal deaths.
Results. A total of 51 fatal events were identified with 41 cases (80%) being elective procedures. Most fatal events (31 cases, 61%) occurred in non-specialized hospitals, 12 cases (23%) occurred in high-volume non-pediatric hospitals, and 8 cases (16%) in pediatric hospitals. The most frequently represented operations were head/ neck 21 cases (41%), abdominal 11 cases (21%), and orthopedic surgery 9 cases (18%). The reported causes of death were equally distributed between surgical (25 cases, 49%) and anesthesiological complications. The most common causes of death were hemorrhage (n=11), difficult airway management (n=10), infections (n=6), and allergic reactions (n=4). In 25% of cases (13 cases) , the complication resulted in intraoperative death.
Conclusion. Our findings suggest that most pediatric deaths reported by mass media occurred in non-pediatric centers during elective surgical procedures (e.g. adenotonsillectomy and appendicectomy), suggesting that referral to large-volume or pediatric hospitals should be preferred. Moreover, one of the most commonly reported complications was difficult airway management, confirming that this aspect should have a central role in physician training and practice.
INTRODUCTION
Millions of children undergo surgical procedures every year. Only in the USA, every year more than half a million pediatric surgical operations are performed. (1,2) Most of these surgical procedures are elective and uneventful procedures (e.g. appendectomy, tonsillectomy, bone fracture fixation). (3, 4) Commonly, children have few comorbidities and a good functional reserve. However, perioperative pediatric patients, due to their anatomical and physiological characteristics, have to be handled differently from adult patients, requiring a high level of pediatric expertise from each member of the medical and paramedical team. This has lead to the creation of pediatric hospitals, where surgeons and anesthesiologists, as well as internists and nursing staff, have received proper, specific education in pediatric medicine. Unfortunately, children perioperative mortality still occurs.
A large, European, observational study found an average 4% mortality among adult patients undergoing non-cardiac surgery in Europe, with mortality rates varying widely between countries (from 1.2% to 21.5%), (4) suggesting that there are modifiable factors affecting mortality. A large multicenter observational study on pediatric perioperative mortality is still lacking. National reports recording mortality rates in surgical pediatric sub-settings confirm that there is no surgical procedure without risks and that some sub-specialty (e.g. cardiac surgery, transplants) procedures are at particularly elevated risk. (3) Few case reports or case series of pediatric perioperative mortality reach the publication level in peer-reviewed journals, making it hard to understand the impact of the problem. On the other side, reports of these unfortunate events have a massive media resonance due to the susceptibility of the general population to the topic, particularly when fatal complications occur during an elective or low-risk procedure in otherwise healthy children.
The aim of this study was to identify all the perioperative pediatric deaths reported by the mass media in recent years in Italy and to report the occurrence in pediatric and non-pediatric specialized hospitals.
MATERIALS AND METHODS

Search Strategy
The international search engines Google, Yahoo, Bing and the online archives of major national newspapers (Corriere della Sera, la Repubblica, la Stampa, il Messaggero) were searched independently by 3 trained investigators to identify pediatric perioperative deaths. Divergences were resolved by consensus.
We limited our search to a 20-year period (1st January 1995 to 1st January 2015). The search strategies are reported in detail in the Supplemental Material and included keywords like "surgery", "anesthesia", "death", "child", "children", and respective synonyms (Supplemental Material 1).
Study Selection
References obtained from searches were first independently examined by 3 investigators and then, if potentially relevant, collected as complete articles. Possible report overlaps were checked and duplicates excluded from the analysis.
Inclusion criteria were: age <18 years; perioperative deaths; reports from Italian hospitals. Exclusion criteria were: complications not followed by death; reports before 1995; obstetrical or neonatal deaths; non-surgical related deaths (e.g. central venous catheter positioning in non-surgical patient); major trauma; palliative surgery in end stage diseases.
Data Abstraction and Study Characteristics
Three trained investigators abstracted baseline, procedural, and outcome data using a data-recording form developed for this purpose. The following data were abstracted: patient's age, sex, date of the surgical operation, region and city, type of hospital, elective or unplanned surgery, surgical diagnosis and procedure, type of anesthesia, type of complication and its relation to anesthesia, time between procedure and death, and web link to the article.
Italy has approximately 60 million inhabitants including about 9 million children younger than 18 years of age, a number that is slightly decreasing over the years because of a declining birth rate. In Italy there are 13 pediatric hospitals (5) and approximately 50 high volume hospitals handling several pediatric cases every day. All the other hospitals are considered as nonpediatric.
The primary endpoint of the present review was to identify all mortality events that occurred in the 20-year study period and to identify how many deaths occurred in non-specialized hospitals.
Data are presented as numbers and percentages.
RESULTS
A total of 51 perioperative deaths were identified. Major exclusions were represented by non-fatal major complications (3 cases), reports before 1995 (4 cases), non-surgical related deaths (3 cases), and obstetrical or neonatal deaths (7 cases).
The age ranged from 1 month to 17 years: 9 cases (18%) were younger than 3 years of age and 35 cases (69%) were male (table 1). The majority of the surgical procedures were elective (41 cases, 80%).
The most represented operations were head/neck surgery (21 cases, 41%, with 15 adenotonsillectomy), abdominal surgery (9 cases, 18%, with 4 appendectomy), and orthopedic surgery (9 cases, 18%, with 5 bone fracture fixation). Notably, only 7 cases (14%) were cardiac surgery procedures (figure 1). Anesthesiological cause of death accounted for 42% of all cases (22 cases). The most frequently reported events were difficult airway management (n=10) and allergic reactions (n=4) (figure 2). Notably all but two cases occurred in patients with planned general anesthesia.
Surgical or non-anesthesiological causes of death (25 cases, 49%) were mainly represented by postoperative hemorrhage (n=11), postoperative complications (e.g. acute respiratory failure) (n=7), and infection (n=6) (figure 2). In 25% of cases (13 cases), the complication led to an intraoperative death, mainly because of anesthesiological complications (9 of 13 cases). Only 2 children (4%) died more than 3 months after surgery. Seventeen cases (33%) occurred in hospitals located in Northern Italy, a region that accounts for 46% of the Italian population There was no significant trend towards an increase or decrease of the number of reported deaths per year during the study period (Supplemental material 2). When considering the date and location of death, we found only one cluster in 2005, with 3 events occurring in the same month and in the same region.
Even if most pediatric operations are most likely performed in pediatric or high-volume hospitals, (5) only a few deaths occurred in these centers (table 1) . In fact, 61% of the cases occurred in non-specialized hospitals, with causes equally distributed between surgical and anesthesiological. This percentage was about the same (63%) when limiting the analysis to 35 children undergoing elective non-cardiac surgery (table 1). 
DISCUSSION
The most important finding in this manuscript is that unexpected perioperative death rate is rare: according to mass media reporting, less than 3 cases per year in a country with approximately 9 million children and over 250,000 pediatric surgical procedures per year. (5) Nonetheless, our findings suggest that this figure could be further reduced since: a) most unexpected deaths occurred in elective surgery children operated in non-specialized hospitals (these patients could have been theoretically referred to high-volume or to pediatric hospitals); and b) difficult airway management was the most common anesthesiological complication and it is often related to lack of specific pediatric expertise. These findings are important for planning future health policies and to guide physicians and parents in the referral process.
The use of media reports as a source of medical fatalities and outcomes is well established. (6-9) However, it must be addressed that the results could be biased by possible selective reporting from national mass media. It is possible that our results represent only a part of the total amount of perioperative pediatric fatalities and that we were not able to calculate the real incidence of this event among children. Obviously, the likelihood of a death report reaching the media is strictly related to the expected or perceived risk of death (the lower the risk, the higher the likelihood that the case will be reported by mass media). In fact, most surgical procedures were represented by low-risk surgery (e.g. adenotonsillectomy and appendectomy) and only 7 children underwent cardiac surgery (which is perceived as high-risk surgery and where the relatives are properly informed of mortality rates).
The fact that all but two cases occurred under general anesthesia suggests the need for careful assessment of the indication for locoregional anesthesia in every case, especially in children. This should also take into consideration the recent issue of altered neurobehavioral outcomes after general anesthesia in children. (10, 11) However, the management of locoregional anesthesia in pediatric patients is generally technically difficult, impossible in some surgical subspecialties, and the real outcome of general vs. locoregional anesthesia should be assessed with multicenter randomized trials.
As highlighted by our findings, difficult airway management in children had a central role in several fatal events. The importance of specific training in pediatric anesthesia is essential and an appropriate approach to difficult pediatric airways is crucial. (12, 13) Our findings cannot be compared to other published studies, since this was the first time that an attempt was performed to estimate unexpected and unreported perioperative mortality through mass media report. We included all kinds of complications, both surgical and anesthesiological while other reviews and databases selectively report anesthesiological or surgical complications, (1, 3, 14, 15) not allowing an understanding of the real overall mortality rate in the pediatric surgical setting.
A report of over two million children that underwent surgical procedures, provided data relating to inpatient pediatric surgical outcomes in U.S.A hospitals, and showed an overall mortality of 0.85%. (3) Among elective procedures, cardiac, vascular, and transplant surgery showed the highest mortality. Our results include mostly low risk procedures, such as head and neck surgery (stated by the USA report as having 0.03% mortality rate), probably due to the higher probability of reporting by the media in case of unexpected fatalities during these low morbidity procedures.
Among anesthesiological complications, a systematic review of the literature investigating the period 2001-2011 showed that in developed countries perioperative mortality rates range from 0.41 to 13.4 per 10,000 anesthetics. (14) A recent meta-analysis of acute severe complications of pediatric anesthesia failed to find any strong data regarding mortality, underlying the fact that the majority of the studies analyzed failed to provide data. (15) Children are often scheduled together with adults on operating lists in non-pediatric hospitals, but several studies suggested that in pediatric surgery, outcomes could be associated with hospitals' operative volumes or the surgeon's experience. (16) 
STRENGTHS AND LIMITATIONS OF THE STUDY
We limited our search to patients who died. These reports probably represent only a small part of the serious complications happening in the perioperative period. Nonetheless, we decided to focus on mortality because this is the most clinically relevant endpoint and the one which likely reaches the media level. We might have missed some unexpected events due to media under-reporting, even if it should be acknowledged that the unexpected death of a child reaches the media level most of the times. An Italian open-access nationalbased institutional registry is missing, so we were not able to compare the real incidence of perioperative mortality with the mass media reported incidence. The reports did not follow a cluster pattern and they were quite regular over time. This was an unexpected finding, since it was reasonable to hypothesize that the media were more likely to publish a child death if there was another event a few days or weeks before. Mass media articles did not clearly report the perioperative conditions (e.g. American Society of Anesthesiologists Classification, expertise level of the staff who provided care), not allowing for stratification of the results. Finally, the most important limitation of our analysis is that we did not crosscheck the validity of the media reports.
In conclusion, we identified 51 unexpected perioperative pediatric deaths occurring over a 20-year period in a country with approximately 9 million children aged less than 18 years of age. Even if this number is low, systematic national database reports should assess the real incidence of perioperative mortality since randomized trials should evaluate if this number could be reduced by referral of elective pediatric patients to pediatric or high-volume hospitals and by improving specific technical skills.
